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Sunday, February 16, 2014 193adrug resistance and the need to find novel classes of antimicrobial peptides as
alternatives to antibiotics. Lactophoricin (LPcin), a cationic amphipathic pep-
tide consists of 23-mer peptide, corresponds to the carboxy terminal 113-135
region of component-3 of proteose-peptone. LPcin is a good candidate as a
peptide antibiotic because it has an antibacterial activity but no hemolytic ac-
tivity. Three different analogs of LPcin, LPcin-yk2 which has mutant amino
acids, LPcin-yk1 and LPcin-yk3 that has shorter mutant amino acids are
recently developed by using peptide engineering in our laboratory. These
three LPcin analogs show better antibioitic activities than wild-type LPcin
and no toxicity at all. In order to understand the structural correlation between
LPcin analogs structure and antimicrobial activity under the membrane envi-
ronments, we tried to express and purify as large as amounts of LPcin and
three different LPcin analogs. We finally optimized and succeed to overex-
press in the form of fusion protein in Escherichia coli and purified with bio-
physical techniques like Ni-affinity chromatography, dialysis, entrifuge,
chemical cleavage, and reversed-phase semiprep HPLC. In here, we will pre-
sent the optimizing processes for high-yield expression and purification and
solution NMR spectra and solid state NMR spectra for antimicrobial
mechanisms.
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The transmembrane domain of kpOmpA possesses four long extracellular
loops which exhibit substantial sequence variability throughout OmpA homo-
logues in Enterobacteria. These loops are responsible for the immunological
properties of the protein, such as cellular and humoral recognitions. Using
liquid state NMR we have determined the 3D structure of kpOmpA in
DHPC micelles (M. Renault et al., J. Mol. Biol. 2009). In a micellar environ-
ment, a complex dynamical behavior has been observed: a rigid barrel core,
ms motion at the micellar-water interface, and sub-ns motion within the
loops. Using solid state NMR relaxation and proteolysis experiments, we
have demonstrated the persistence of this complex motional behavior in E.
coli polar lipid bilayers (I. Iordanov et al., Biochim. Biophys. Acta, 2012).
Using single molecule force spectroscopy (with D. Muller and A. Engel)
we have shown that kpOmpA is able to unfold and refold reversibly its b-bar-
rel core (P. Bosshart et al., Structure 2012).
Recent advances involve: a) characterizing the structure of its C-terminal
domain and its interaction with the peptido-glycane; b) analyzing ssNMR
spectra of N-terminal membrane domain in liposomes using MAS at 1 GHz
and 60 kHz spinning frequency (with G. Pintacuda); c) comparing the NMR
spectra of the various domains and the full length protein in solution, in lipo-
somes and in intact cell envelopes using cellular solid state NMR as established
in (M. Renault et al., PNAS 2012).
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Characterization of membrane proteins continues to be an enormous challenge
in the field of structural biology compared to their soluble counterparts. Mem-
brane proteins require the presence of a detergent micelle to protect the
hydrophobic-exposed residues that are, under native conditions, inserted
into a membrane. This provides challenging hurdles for expression, purifica-
tion, and structural determination. However, for some lipoproteins and in the
case of flpp3 from Francisella tularensis, the hydrophilic domain of the pro-
tein can be expressed and purified separately from the transmembrane domain.
Flpp3 contains a single transmembrane helix at the N-terminus and therefore
this technique allows for structural investigation of the majority of the protein
without the necessity of a detergent micelle. In this study we report the results
of expression, purification, biophysical characterization and NMR analysis of
the soluble domain of flpp3 (flpp3-Sol). Sufficient quantities of pure flpp3-Sol
are obtained via recombinant expression in E. coli cells followed by purifica-
tion via Ni-NTA chromatography and gel filtration chromatography. Mono-
dispersity and global secondary structure is investigated by dynamic light
scattering (DLS) and circular dichroism (CD) respectively. NMR studiesreport local secondary structure via secondary chemical shifts and are used
to generate a structure-model using CS-ROSETTA. Structures generated
from NMR data are compared to structures in the Protein Data Bank using
the Dali server and provide insight into possible protein function. The struc-
ture of flpp3-Sol is similar to the C-terminal domain of the lipoprotein bamC
from E coli, a protein important for the insertion of beta-barrel proteins into
the outer membrane of cells via the BAM complex; and as of yet unidentified
in F tularensis.
Advances in Single-Molecule Spectroscopy I
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Optimal estimation of diffusion coefficients from single- and multiple-
particle tracking data has undergone several breakthroughs in the past few
years. Prior to these breakthroughs, the most common method for extracting
motion parameters from trajectories was by fitting a curve to the mean square
displacement [1]; it has been known for quite some time, however, that this a
possibly inaccurate and unreliable method due to the presence of noise in the
trajectory [2]. As a result, recent efforts by A. J. Berglund and X. Michalet
have provided an optimal framework for trajectories corrupted by motion
blur and Gaussian white noise [3]. These methods typically require that
localization be performed prior to the estimation of motion parameters rather
than in conjunction. These two problems, however, are dependent on each
other. In this work, we present a Sequential Monte Carlo approach that uti-
lizes the Expectation Maximization algorithm to simultaneously localize par-
ticle positions and estimate motion parameters from raw data (e.g. image
sequences). The method provides a clear accuracy-vs-complexity trade-off
and can be parallelized for greater efficiency. We demonstrate its effective-
ness by detailing its use on arbitrary point spread functions, such as the dou-
ble helix, and motion models, such as those driven by Markov jump
processes.
[1] M. J. Saxton. ‘‘Single-Particle Tracking: Applications to Membrane Dy-
namics.’’ Annual Review of Biophysics and Biomolecular Structure, vol. 26,
pp. 373-399, 1997.
[2] M. J. Saxton. ‘‘Single-Particle Tracking: The Distribution of Diffusion
Coefficients.’’ Biophysical Journal, vol. 72, pp. 1744-1753, 1997.
[3] X. Michalet and A. J. Berglund. ‘‘Optimal Estimation of Diffusion Coeffi-
cients.’’ Physical Review E, vol. 85, 2012.
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Single molecule tracking in live cells is the ultimate tool to study subcellu-
lar protein dynamics, but it is often limited by the probe size and photo-
stability. Due to these issues, long-term tracking of proteins in confined
and crowded environments, such as adhesion sites, synaptic clefts or intra-
cellular spaces, remains challenging. We present a novel optical probe con-
sisting of 5-nm gold nanoparticles functionalized with a small fragment of
camelid antibodies that recognize widely used GFPs with a very high affin-
ity (1). These small gold nanoparticles can be detected and tracked using
photothermal imaging for arbitrarily long periods of time (1-2). Surface
and intracellular GFP-proteins can effectively be labeled even in very
crowded environments such as adhesion sites and cytoskeletal structures
both in vitro and in live cell cultures. Comparison with performances ob-
tained by superresolution methods such as PALM and STED are presented
for single integrin tracking in and out adhesion sites (3). These nanobody-
coated gold nanoparticles are single molecule probes with unparalleled ca-
pabilities; small size, perfect photostability, high specificity, and versatility
afforded by combination with the vast existing library of GFP-tagged
proteins.
References:
(1) C. Leduc, et al Nano Lett. 13, 4, (2013) 1489.
194a Sunday, February 16, 2014(2) D. Lasne Biophys. J, 91 (2006) 4598.
(3) O. Rossier, Nature Cell Biology 14 (2012) 1057.
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Optical detection of single proteins requires fluorescent labelling due to their
intrinsically small scattering cross-sections. Label-free detection approaches
rely on the amplification of the single molecule signals either by cavity, nano-
tube or plasmonic enhancement, but come at the expense of complex exper-
imental setups that are unable to perform imaging by design. In addition,
plasmonic enhancement relies on nanoscopic detection volumes that are diffi-
cult to address in a controlled fashion at the single molecule level. All-optical
alternatives exist, yet only detect molecules with strong transition dipoles — a
property that most biological particles lack. Here, we used interferometric
scattering microscopy (iSCAT) to detect and image the processive motion
of single myosin 5a molecules on actin filaments without labelling or any
nanoscopic amplification at up to 1 kHz bandwidths. The achievable high
signal-to-noise ratios enabled tracking with < 5 nm accuracy at 25 Hz,
directly comparable to state-of-the-art single molecule fluorescence detection.
Together with the simple experimental arrangement, an intrinsic indepen-
dence from strong electronic transition dipoles and a detection limit for
proteins with < 50 kDa, our approach paves the way towards non-resonant,
label-free sensing and imaging of nanoscopic objects down to the single pro-
tein level.
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The response of the receptor, IgE-FcεRI, to binding of a multivalent antigen
begins a cellular signaling cascade resulting in the release of histamine, part
of the human allergic response. The receptor’s modes of motion and internal-
ization process are investigated using a confocal based 3D tracking microscope.
A Nipkow spinning disk has been added to the microscope to allow simulta-
neous confocal 3D tracking and wide field spinning disk imaging. The receptor
is tracked in live cells while simultaneously imaging cellular structures labeled
with fluorescent proteins.
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Fluorophores exhibit instability (blinking and photobleaching) that limits the
spatial and temporal resolution for single-molecule imaging. Although protec-
tive agents in solution can mitigate fluorophore instability, their poor solubi-
lity in water limits further improvements. Moreover, it is very challenging, if
not impossible, to use protective agents in solution for live cell imaging. To
overcome these limitations, we linked protective agents to Cy5 fluorophores.
In doing so, we have achieved remarkable enhancements in photostability. We
further demonstrated that this strategy provides a general method for
improving the photostability of chemically distinct fluorophores across the
visible spectrum.
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Berkeley, CA, USA.G-protein-coupled receptors (GPCRs) are the largest and most diverse family
of membrane signaling proteins. Binding of an extracellular signal to a
GPCR activates G protein, which in turn modulates the activity of different
downstream cellular effectors. Recent biochemical, pharmacological and bio-
physical studies suggest that GPCRs do not simply act as on-off switches but
instead exist in multiple conformational and functional states where they
may signal to distinct G proteins and other partners. However, despite recent
advances, many aspects of signal transduction through GPCRs is still not
well understood. Here we report a novel functional assay based on single mole-
cule FRET to probe real-time conformational dynamics of isolated receptors.
Using our assay, we studied metabotropic glutamate receptors (mGluRs),
dimeric members of class C GPCR family, which are involved in modulation
of synaptic transmission and excitability of nerve cells. Experiments on
mGluR2 and mGluR3 homodimers reveal multiple stable conformational
states. Strikingly, in spite of more than 70% sequence identity between
mGluR2 and mGluR3, we observe substantial differences in their inherent dy-
namics and basal activity in absence of ligand. Our approach should make it
possible to directly quantify how drugs stabilize conformational states of recep-
tors and provide new insights into the molecular mechanisms of GPCR
signaling.
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Von Willebrand Factor (VWF) is a long multimeric blood protein that plays
a central role in platelet adhesion at sites of elevated hydrodynamic stresses,
such as in injured or stenotic vessels. The function of VWF is closely
related to thrombogenesis in cardiovascular diseases and the most common
hereditary bleeding disorder von Willebrand disease. The effectiveness of
the current therapies is limited partly due to the poor understanding of
the activation mechanism of VWF, which is regulated by the hydrodynamic
stresses in the blood stream. VWF only binds platelets under high shear or
elongational flow. Moreover, the length of VWF is regulated by the
ADAMTS13 protease cleavage under high shear flow. Studies suggest a hy-
pothesis that the elevated hydrodynamic stresses exert tensile forces on
VWF to unfold the tertiary and secondary structures and expose the binding
sites for the platelet membrane receptor GP1b and the protease
ADAMTS13.
This study elucidates the mechanism of VWF function regulation at single-
molecule level under tethered shear flow and elongational flow, which are
more effective at activating VWF than pure shear flow according to molec-
ular dynamics simulation. We infuse a FRET tension sensing module in
each VWF monomer to report the shape and the tensile force of the multi-
mers, and image them under flow with a microscope system that simulta-
neously records the length and the fluorescence spectrum of a single
VWF multimer. For elongational flow, real-time feedback is applied to
trap the fast moving single VWF molecules within the high hydrodynamic
stress region and the field of view. By adding fluorescently labeled GP1b
and ADAMTS13, the rates of binding and cleavage activities in VWF is
also measured. These results provide experimental basis for quantitative
modeling of the intra-molecular interactions that are responsible for VWF
function regulation.
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Time-dependent large-amplitude conformational changes of a single protein
can be directly probed via single-molecule Fo¨rster-type resonance energy trans-
fer (smFRET), typically one pair of dyes at a time. Monitoring complex mo-
tions within a multi-domain protein requires additional distance constraints
that could be provided by separate measurements using multiple dye pairs
installed at various locations. To infer the possible global conformations and
to extract the associated conformational dynamics, we develop a generalizable
resampling scheme that integrates high-resolution smFRET data and
